The ability of cells to modulate interactions with each other and the substrate is essential for epithelial tissue remodeling during processes such as wound healing and tumor progression. However, despite strides made in the field of proteomics, proteins involved in adhesion have been difficult to study. Here, we report a method for the enrichment and analysis of proteins associated with the basal surface of the cell and its underlying matrix. The enrichment involves deroofing the cells with 20 mM ammonium hydroxide and the removal of cytosolic and organellar proteins by stringent water wash. Proteomic profiling was achieved by LC-FTMS, which allowed comparison of differentially expressed or shared proteins under different cell states. First, we analyzed and compared the basal cell components of mouse keratinocytes lacking the cell-cell junction molecule plakoglobin with their control counterparts. Changes in the molecules involved in motility and invasion were detected in plakoglobin-deficient cells, including decreased detection of fibronectin, integrin ␤ 4 , and FAT tumor suppressor. Second, we assessed the differences in basal cell components between two human oral squamous cell carcinoma lines originating from different sites in the oral cavity (CAL33 and UM-SCC-1). The data show differences between the two lines in the type and abundance of proteins specific to cell adhesion, migration, and angiogenesis. Therefore, the method described here has the potential to serve as a platform to assess proteomic changes in basal cell components including extracellular and adhesion-specific proteins involved in wound healing, cancer, and chronic and acquired adhesion-related disorders. Molecular & Cellular Proteomics 9:351-361, 2010.
There is an urgent need for tools to comprehensively identify markers of normal and pathological processes at the molecular level. DNA microarrays have enabled researchers to follow gene expression changes with respect to many of these processes, including individual tumors in the case of cancer (1) . Direct detection of proteins is typically required to validate changes at the gene product level; however, the changes in protein levels do not always reflect changes in gene expression because of post-translational modifications, differential compartmentalization, recycling, and degradation. Because it is ultimately the proteins that convey cellular phenotypes, it is necessary to develop methods for direct screening of proteins, and mass spectrometry shows promise for this purpose. However, the usefulness of mass spectrometry as an analytical tool to detect proteins in cells or tissue is limited to the extent to which the sample is sufficiently enriched for the specific fraction of interest. It is still challenging to identify molecules involved in specific normal or pathological processes because the relevant proteins are often difficult to isolate from the majority of cellular proteins that are not correlated to the process of interest. In this context, an ideal proteomics approach would require a minimal amount of starting material, be amenable to an efficient enrichment strategy, and would provide results quickly.
It has been well established that molecules directly involved in cell-cell and cell-substrate adhesions are critical for processes such as epithelial to mesenchymal transition and wound healing. Their further role in regulation of tissue integrity, cell polarity, motility, and invasion is emphasized by a variety of disorders stemming from their inappropriate expression and mutations (2, 3) . Selectins, intercellular adhesion molecule 1, and vascular cell adhesion molecule 1 have been established both as biomarkers (4) and predictive factors (5, 6) for the development of accelerated atherosclerosis and heart disease. In epithelial tissues, reduced expression of the cellcell adhesion molecule E-cadherin correlates with epithelial to mesenchymal transition, tissue invasion, and metastasis and is a prognostic biomarker of poor clinical outcome in many cell types (7) (8) (9) . Furthermore, up-regulating E-cadherin is considered as a treatment option in several types of cancer (10) . Therefore, methods are also needed to not only identify adhesion molecules as disease markers but to also understand the pathology of underlying medical problems caused by impairment in adhesion molecule function (e.g. inability to heal chronic wounds (11) ). However, the lack of knowl-edge about regulation and functional interactions of the specific adhesion-related proteins has so far thwarted the attempts at direct targeting of these molecules in basic and clinical research (12, 13) . Therefore, a comprehensive understanding of how proteins that function in adhesive processes work together to maintain proper tissue form and function is critical.
Some of the same barriers to effective application of mass spectrometry as an analytical tool (as discussed above) have impeded analysis of cell-cell and cell-matrix adhesion-dependent processes such as wound healing and cancer (14) . The study of extracellular matrix (ECM) 1 and adhesion-related proteins is further complicated by the difficulty in sample preparation because compared with cytosolic proteins basal cell proteins are often highly insoluble (e.g. transmembrane and plaque components) and difficult to isolate from intracellular proteins. One general strategy involves using ECM-specific enzymes to dislodge the cells at their points of attachment (15) . The supernatant from the partial digest is collected for further proteomics analysis. However, most mass spectrometric analyses depend on detection of peptides with specific ionization and fragmentation properties that are most readily achieved using trypsin as the sole enzyme. The use of ECM-specific enzymes may result in a distribution of peptides that are not optimal for detection (i.e. the generation of nontryptic termini). The other general approach to isolate components of the ECM involves using detergents to lyse cells on the surfaces to which they are attached and collect the remaining cell debris for analysis (15) . Although progress has been made with respect to the creation of "mass spectrometry-friendly" detergents (16) , the use of chemicals for the purpose of protein solubilization is generally not ideal. To overcome these problems, we adapted a fast, simple method of isolating extracellular, transmembrane, and associated proteins (from here on collectively referred to as "basal cell proteins") from cells attached to a solid substrate. The method consists of "deroofing" the cells attached to glass coverslips by 20 mM NH 4 OH solution followed by rapid water rinses to remove the bulk of the cell and its remaining debris (17) . Our results show efficient removal of cytoplasm and organelles and detection of basal cell proteins by mass spectrometry, including those involved in cell-cell and cell-extracellular matrix interactions. These proteins were liberated from the surface with trypsin, and the subsequently generated peptides were detected and profiled for differences using LC-FTMS.
The approach was first validated by comparing basal cell protein composition in mouse keratinocytes with or without a critical cell-cell junction protein called plakoglobin (PG). This desmosomal protein is required for cell-cell adhesion and maintenance of tissue integrity (18) . Plakoglobin inhibits keratinocyte motility (19) and is down-regulated in several distinct tumor types, including bladder, breast, and cervical cancers (20 -22) . Moreover, we were able to dissect the molecular differences between an independent isolate of PG Ϫ/Ϫ keratinocytes that behaved differently in motility assays from the rest of the PG-null cells, further emphasizing the potential for using the method to differentiate between cells with distinct adhesive and motile behaviors. The method was then evaluated in clinically relevant human tumor cell lines by extending the analysis to include two human oral squamous cancers of different origin. Because they lack precisely defined changes in cell adhesion molecules and phenotype, we compared the basal cell protein expression of UM-SCC-1 (23) and CAL33 (24) cell lines isolated from the roof of the mouth and tongue, respectively. These experiments revealed 40 proteins differentially expressed between the cell lines among over 100 detected. Moreover, the proteomic profile reveals a set of motility-and invasion-related genes unique to tongue-derived CAL33 cells. This could indicate the difference between oral cancers derived from different parts of the mouth, or it may indicate a potential difference in aggressiveness between these cell lines. These results show that our detection method is applicable for both detection and comparative studies in human cancer model systems.
EXPERIMENTAL PROCEDURES
Cell Culture-Keratinocyte cultures established from PG knock-out (PG Ϫ/Ϫ , PG Ϫ/Ϫ B2, and PG Ϫ/Ϫ B3) or heterozygous control (PG ϩ/Ϫ ) mouse skin (25) were cultured in defined keratinocyte serum-free medium (Invitrogen) supplemented with 10 ng/ml epidermal growth factor, and 10 Ϫ10 M cholera toxin. Calcium levels were adjusted to 0.07 mM using 1 M CaCl 2 . Human oral squamous cell carcinoma lines UM-SCC-1 (a gift from Dr. Thomas Carey, University of Michigan) and CAL33 (a gift from Dr. Gerard Milano, Centre Antoine Lacassagne, Nice, France) were grown in Dulbecco's modified Eagle's medium (Invitrogen) supplemented with 10% fetal bovine serum.
Transwell Migration Assay-The Transwell migration assay was performed as described (19) . Briefly, the undersides of Biocoat Cell Environment (BD Biosciences) control inserts (8-m pore size) were coated with 0.1 mg/ml human placenta collagen (Sigma) at 37°C for 1 h. A total of 10 5 cells were plated into each insert and allowed to migrate at 37°C for 48 h. Migrating cells were fixed and stained with the DiffQuik kit (Dade Behring, Newark, DE). The total number of cells from 12 ϫ 20 microscopic fields on each membrane was counted. Each experiment was performed in triplicate, and the averages were presented with whiskers representing ϮS.D.
Basal Cell Protein Isolation and Proteolysis-Cells were plated on tissue culture dishes or 22 ϫ 22-mm glass coverslips and allowed to reach confluency. The culture medium was removed, and the cells were washed in sterile PBS. The cells were ruptured by treating them for 5 min in sterile 20 mM NH 4 OH followed by the removal of cellular debris by three rapid washes in sterile distilled water according to the method of Gospodarowicz (17) . The remaining extracellular matrix and basal cell components ("deroofed" cells) were then washed several times in sterile PBS followed by water. Protein digestion occurred in a humid chamber at 37°C. Approximately 150 l of 100 mM NH 4 HCO 3 (Fluka), pH 8.0, containing 0.5 g of trypsin (Promega) was added to the surface of each glass coverslip. Samples were digested for 1 h at 37°C, and then the liquid containing the peptides was transferred into tubes designed to prevent nonspecific adsorption to the surface (LoBind, Eppendorf). The enzymatic reaction was stopped by adding acetic acid (Sigma) to lower the pH to 3-4. Samples were stored at Ϫ80°C or on dry ice until analysis.
Western Blotting-Whole and deroofed cell samples were prepared using urea sample buffer. The amount of protein in whole cell lysates was measured using the Amido Black assay (26) . Equal amounts of protein were fractionated on a 7.5% SDS-polyacrylamide gel, and immunoblotting was performed as described (27) . The following mouse monoclonal antibodies were used: 6D8 anti-desmoglein 2 (a gift from J. Wahl III, University of Nebraska Medical Center, Omaha, NE), anti-␤ 4 integrin (BD Transduction Laboratories), 12G10 anti-␣-tubulin (University of Iowa Developmental Studies Hybridoma Bank, Iowa City, IA), and 23A8 anti-Rac1 (Upstate). Polyclonal antibodies used included J18 rabbit anti-laminin ␣3 chain (a gift from Jonathan Jones, Northwestern University, Chicago, IL), 1407 chicken anti-plakoglobin (28), rabbit anti-lamin A/C (Santa Cruz Biotechnology, Inc.), rabbit anti-fibronectin (Sigma), rabbit anti-␤Ig-h3 (Cell Signaling Technology), rabbit anti-␤ 1 integrin (Chemicon), rabbit anti-collagen XVII␣1 (Abcam), and rabbit anti-glyceraldehyde-3-phosphate dehydrogenase (Abcam). The following secondary antibodies were used: horseradish peroxidase-conjugated goat anti-mouse and anti-rabbit (Kirkegaard & Perry Laboratories, Gaithersburg, MD).
Indirect Immunofluorescence-Whole and deroofed PG ϩ/Ϫ and PG Ϫ/Ϫ mouse keratinocytes were fixed with 4% paraformaldehyde and stained for nuclei and laminin ␣3 chain using Hoescht (Molecular Probes) and anti-laminin ␣3 (J18) antibody, respectively. Alexa Fluor 488 goat anti-rabbit (Molecular Probes, Eugene, OR) (1:400 dilution) was used as the secondary antibody. Alternatively, cells were rinsed with PBS, fixed in anhydrous methanol for 2 min at Ϫ20°C, stained with 6D8 (1:100) antibody, and visualized with Alexa Fluor 488-conjugated secondary goat anti-mouse antibody (1:400).
Flow Cytometry-PG ϩ/Ϫ and PG Ϫ/Ϫ mouse keratinocytes were plated (5 ϫ 10 5 /well) in a 6-well plate overnight. Cells were detached with cell detachment solution (sterile, calcium-free PBS containing 2.5 mM EDTA and 0.1% glucose), resuspended in their growth medium, and collected by centrifugation at 1500 rpm for 10 min at 4°C. Cells were resuspended in 100 l of blocking solution (2% BSA in PBS) and incubated in the dark for 30 min on ice with phycoerythrin-conjugated antibodies against integrins ␣ 6 (BioLegend) and ␤ 4 (Santa Cruz Biotechnology, Inc.), phycoerythrin-conjugated rat isotype control IgGs (BioLegend), or no antibody. Cells were centrifuged at 1500 rpm for 5 min, washed twice in 1 ml of washing solution (2% FCS, 0.1% sodium azide in PBS), and then fixed in 0.5% paraformaldehyde. Fluorescence was measured using a Dako Cytomation CyAn benchtop multilaser flow cytometer.
Cell Imaging-Mouse keratinocytes were plated at 10 -20% density on a four-chamber borosilicate cover glass. After cells were attached and spread (2 h), medium was changed to eliminate debris, and DIC cell imaging was conducted with a Leica DMI 6000 microscope (20ϫ DIC) using a Hamamatsu digital camera. Images were processed using SimplePCI (Hamamatsu).
Mass Spectrometry-The peptides from ϳ50% of each sample were separated by reverse phase chromatography using a Waters nanoACQUITY ultraperformance LC system (Milford, MA), a Waters BEH C 18 1.7-m, 100-m ϫ 10-cm column and the following gradient: 1-10% acetonitrile in 5 min, 10 -35% in 65 min, 35-70% in 5.2 min, hold 0.8 min, 70 -1% in 0.2 min, and hold 13.8 min. A concentration of 0.1% formic acid was maintained throughout LC runs. Peptides were directly eluted into a ThermoElectron LTQ-FT mass spectrometer (San Jose, CA) with an electrospray ionization source at a flow rate of 1 l/min. Data-dependent software allowed the top four most abundant ions to be selected with a 30-s exclusion list time and repeat count of 2. Singly charged ions were disallowed for collision-induced dissociation.
Data Analysis-Tandem mass spectra were extracted and converted to .mzXML format by the Readw program provided by the (30) . Search parameters were defined as follows: tryptic cleavage (disallowed after prolines), one allowed missed cleavage, fragment ion mass tolerance of 1.00 Da, parent ion tolerance of 0.015 Da, and variable oxidation of methionines. Scaffold_2.1.03 (Proteome Software Inc., Portland, OR) was used to report spectral counts (i.e. the number of unique spectra per protein) and validate MS/MS-based peptide and protein identifications, which were accepted if each could be established at greater than 95.0% probability as specified by the Peptide Prophet and Protein Prophet algorithms (31, 32) . Proteins that contained similar peptides and could not be differentiated based on MS/MS analysis alone were grouped to satisfy the principles of parsimony. Proteins with a minimum of two peptides and expectation values (generated by X! Tandem) of log(e) ՅϪ3 were considered for comparison between data sets. Justification for thresholds was based on the greatest consistency between the two search algorithm outputs. Importantly, because cell culture media contained serum, proteins of serum origin were identified using control samples (surfaces without cells). This allowed serum proteins to be filtered out of the protein lists generated for the deroofed cells, leaving only monolayer-isolated proteins for comparison by spectral counting. ProteinCenter TM (Proxeon, Cambridge, MA) was used to report gene ontologies of proteins detected.
RESULTS

Ammonium Hydroxide Treatment of Cells Enriches ECM, Adhesion-related, and Membrane
Components-To obtain samples enriched in ECM and membrane-associated proteins, we adopted a previously described method for matrix preparation using a basic, hypotonic solution (33) . This method removes organelles and cytoskeletal and cytosolic proteins while leaving behind secreted, transmembrane, and peripheral membrane proteins associated with the ventral aspect of the cell (referred to here as basal cell proteins), which remain adsorbed to the glass coverslip (Fig. 1A) . These proteins can be digested with a protease (usually trypsin) to generate peptides that can be identified after separation by LC-FTMS. To test whether basal cell proteins remained attached to the surface after the treatment with high pH, PG ϩ/Ϫ mouse keratinocytes were plated on small glass coverslips (22 ϫ 22 mm), and the apical cell bodies were removed by incubating with 20 mM ammonium hydroxide (control cells were treated with PBS). Samples were stained for the presence of the ␣3 chain of the basement membrane protein laminin and nuclei (Fig. 1B) , clearly showing that deroofed samples still contained protein secreted by the cells attached to the coverslips but that the nuclei were eliminated. Furthermore, Western blot analysis of the control and treated samples showed a dramatic decrease in nuclear (lamin A/C) and cytoskeletal (tubulin) proteins in the deroofed sample, whereas the levels of laminin were compa-rable to levels in the non-treated cells control (Fig. 1C) . These results show that treatment of cells with a basic, hypotonic solution enriches the matrix and membrane fractions by eliminating a substantial amount of the nuclear and cytoplasmic molecules.
Identification and Analysis of Relative Abundance of Basal Cell Proteins in Mouse
Keratinocytes-To analyze the basal cell component-enriched protein preparation, proteins were digested, chromatographically separated, and analyzed by a high mass accuracy Fourier transform mass spectrometer. Comparable amounts of protein were analyzed per cell type as based on the chromatograms generated from PG ϩ/Ϫ -( Fig.  2A) and PG Ϫ/Ϫ (Fig. 2B )-containing cells, ensuring that differences in protein expression observed were not due to differences in sample loading. Usually sample preparation for proteomics analysis starts with enrichment of intact proteins that can be quantified followed by digestion into peptides for subsequent analysis. With this method, the isolated proteins are liberated from the surface as peptides by trypsin. Therefore, it is difficult to obtain absolute quantification of the amount of total proteins isolated by this method. Nevertheless, only half of the generated sample volume was required to obtain robust (e.g. 6 ϫ 10 6 ) signal. In addition, the observed m/z values 523, 421, and 738 are generated by autodigestion of trypsin, which corresponds to ϳ0.25 g of enzyme per injection and served as an internal loading control between samples (Fig. 2, A and B) .
To assess the quality of the basal cell preparation in its entirety, we summed protein intensities from the log(I) values generated by the X! Tandem algorithm (see supplemental Table S1 ). As shown in Fig. 2C , the highest signals from the detected proteins belonged to those that were compartmentalized to the basal side of the cell (extracellular, plasma membrane, or adhesion regions) as determined by gene ontology categories given by UniProt and ProteinCenter. The distribution of these proteins by number (as opposed to in- tensity) is shown in Fig. 2D . Note that cell compartment categories are non-exclusive, so a single protein may reside in more than one region of the cell. In addition, although 51 and 42 proteins from PG ϩ/Ϫ and PG Ϫ/Ϫ were described as nuclear, respectively, the contribution of these proteins to the overall signal detected by the mass spectrometer is low (Fig.  2C) , highlighting the need to ensure that the highest fraction of proteins detected from the overall signal belongs to the cat- , and 738) . C, protein intensity (log(I)) values were summed according to each respective cell compartmentalization category to determine the fraction of overall signal recorded from the mass spectrometer. D, the number of proteins per cell compartment is further defined. Note that a protein may be represented in more than one category so that the total number of proteins per pie chart does not equal the total number of proteins detected per analysis. E, a Venn diagram shows the overlap between the number of proteins identified from each cell type.
egory of interest. Sixty-nine proteins were shared between PG ϩ/Ϫ and PG Ϫ/Ϫ deroofed cells (Fig. 2E) . Those that did not overlap either represent proteins unique to each cell line or proteins present at lower levels whose detection may vary between preparations. A representative set of robustly identified proteins from the mouse keratinocytes along with their respective properties and identification scores is shown in Table I . The full list of proteins detected can be found in supplemental Tables S1 and S2.
Several of the proteins in the sample were transmembrane proteins including integrin receptors ␣ 6 and ␤ 4 , which have important roles in cell adhesion, signaling, and migration. The presence of membrane proteins is notable because isolation and purification of these proteins is difficult because of their hydrophobic nature and chemical properties (34) . Supplemental Fig. S1 illustrates the protein coverage (29%) of integrin ␤ 4 , a great improvement over the highest protein coverage reported for the integrin family (17%) (35) . A unique feature of X! Tandem is that peptides that are unlikely to be detected by MS due to unfavorable lengths are color-coded and excluded from the denominator during percent coverage calculations so that a more realistic coverage is reported. Using this feature, we covered 41% of detectable amino acids in integrin ␤ 4 (Table I) .
Mass Spectral Counting Enables Detection of Differentially Expressed
Proteins-We profiled changes in protein expression by comparing mouse keratinocytes with or without expression of the junctional protein PG. In recent work, we showed that PG regulates keratinocyte motility in both a cellcell adhesion-dependent and -independent manner (19) . Moreover, we demonstrated that PG regulates cell motility through changes in basal cell proteins, including deposition of ECM and integrin membrane presentation. 2 Because little is known about cell-substrate interaction regulation by cell-cell adhesion and especially desmosomal molecules, we studied the change in an overall expression pattern of adhesionrelated molecules in PG-null and heterozygous mouse keratinocytes. PG-null cells exhibited enhanced cell motility compared with PG heterozygous cells, raising the possibility that PG may play a role in regulating the expression of proteins required for adhesion and migration. Triplicate analyses of independently prepared samples showed that PG was detected by LC-FTMS in the positive control (PG ϩ/Ϫ , heterozygous cells) but not in the PG-deficient (PG Ϫ/Ϫ ) cells (Fig. 3A) . Furthermore, the results showed that differential expression of PG was correlated to differential expression of a variety of molecules. The spectral count values were further corroborated by flow cytometry (cell surface protein) (Fig. 3B) and Western blot (total protein) (Fig. 3E) as a secondary method to confirm some of the observed changes.
In light of different motility exhibited by PG ϩ/Ϫ and PG Ϫ/Ϫ cells ( Fig. 3C and Ref. 19 ), the differences in expression of FAT tumor suppressor, fibronectin, and collagen XVII␣1 (BP180) among others are particularly interesting. FAT1 is up-regulated in migration, induces cellular process formation when overexpressed, and is necessary for efficient wound healing (36) . Fibronectin is an extracellular matrix component important for the regulation of motility of many cell types, including keratinocytes (37). BP180 is a component of hemidesmosomes, an integrin-containing structure anchoring keratinocytes to the basement membrane (38) . We also observed that the B2 variant of the PG Ϫ/Ϫ cells exhibited reduced cell motility when compared with other PG Ϫ/Ϫ cell isolates (Fig. 3C) . Moreover, the B2 variant displayed long, sticky protrusions that hampered their motility and made them morphologically distinct from B3 and other PG-null cells (Fig. 3D) . To address whether proteomics analysis would reveal a possible explanation for this phenotypic difference, we prepared the basal cell proteins and screened them by mass spectrometry. Unlike the other PG Ϫ/Ϫ cell isolates, the levels of fibronectin and ␤ 1 integrin were increased in the B2 variant. Other molecules differentially expressed between PG ϩ/Ϫ and PG Ϫ/Ϫ cells, such as collagen XVII (BP180), showed no change in expression in the B2 cell population. It remains to be seen whether these specific changes in the expression of fibronectin and its receptor ␤ 1 integrin (␣ 5 ␤ 1 ) are sufficient to account for the differences in morphology and motility between different PG Ϫ/Ϫ keratinocyte populations (Fig. 3, C-E) . 2 However, these data demonstrate that the method of basal cell component screening presented here is able to define the molecular differences between cell populations exhibiting different behaviors.
Differential Expression of Basal Cell Proteins in Human Squamous
Cell Carcinoma Lines-Because the metastatic progression of head and neck carcinomas is correlated with the loss of cell-cell adhesion, extracellular matrix remodeling, and changes in motility and invasion (39, 40) , the method was next applied to cancer cells derived from oral tissue. We analyzed human oral squamous carcinoma lines CAL33 and UM-SCC-1, which originate from different affected areas, tongue and the roof of the mouth, respectively. The analysis revealed nearly 40 differentially expressed proteins (supplemental Fig. S2 ), some of which we chose to analyze further because of their roles in tumor progression and metastasis (Fig. 4A) . The full list of the proteins detected from CAL33 and UM-SCC-1 deroofed cells is provided in supplemental Tables  S3 and S4 , respectively. Western blots of selected proteins that are known to be involved in tumor progression through their roles in regulating cell-cell adhesion (desmoglein 2 and PG) (41, 42) , cell-matrix interactions (␤ 4 integrin and ␤Ig-h3) (43) (44) (45) , motility and invasion (Rac1) (46) , and cell growth and death regulation (␤Ig-h3) (47, 48) revealed differential expression and corroborated the mass spectrometry findings (Fig.  4B) . Moreover, immunofluorescence analysis confirmed the decrease in overall and cell surface expression of desmoglein 2 in the UM-SCC-1 cell line (Fig. 4C) .
DISCUSSION
This study presents a method for profiling the proteins that participate in cell-cell and cell-matrix interactions that are associated with distinct cellular states. The method is based on a simple procedure for isolating the proteins followed by identification by mass spectrometry (LC-FTMS). We report high protein coverages and reproducible differences in expression of several peripheral membrane, transmembrane, and extracellular proteins that likely play a role in keratinocyte motility, wound healing, and carcinoma pathology.
The strategy presented here is valuable because it provides an efficient method for profiling cell-cell and cell-matrix adhesion molecules. Such methods are needed to better understand how these molecules function both in normal and diseased states. On one hand, the complex regulation of expression and function of many adhesion molecules is still not well under-stood. This method would provide a platform for assaying the downstream effect of the modulation of a wide variety of molecules (e.g. transcription factors, signaling proteins, drug candidates, etc.) in the functional regulation of basal cell components. On the other hand, the method has the potential to address challenges of studying many inherited and acquired disorders associated with complex alterations in matrix and adhesion molecules. The method reported here addresses these challenges and has important implications from both a methodological and biological discovery standpoint.
With respect to methodology, the majority of proteomic enrichment strategies depend on protein solubilization with detergents, which are not compatible with most mass spectrometry-based methods, so their removal is critical for successful analysis (49) . Furthermore, profiling of complex proteomes involving thousands of proteins to identify disease-specific markers requires multiple separation and sample handling steps (50), but such measures are not warranted when only a small fraction of the proteome is sufficient for comparison. In this report, both the use of detergents and multiple separation steps were avoided by incubating a confluent cell monolayer on a small adsorptive (glass) surface with a basic, hypotonic solution. This treatment ruptures cells, thus removing nuclear and cytoplasmic components while precipitating the proteins at the basal side of the cells. This afforded rapid isolation of basal cell proteins, including those involved in cell-cell and cell-ECM adhesion, thus achieving a level of enrichment required for successful profiling of the subset of proteins of interest.
In this study, we routinely detected ϳ100 proteins with two or more peptides from the mouse and human deroofed cancer cell lines. Both X! Tandem and Scaffold provided measures of protein intensity (log(I) and spectral counts, respectively). However, although both outputs revealed similar trending, the spectral counts generated by Scaffold provided better sensitivity for discerning differences. On the other hand, X! Tandem provided more comprehensive information to meet current requirements for publication of proteomics data. Both informatics approaches lent value to this method.
With respect to the evaluation of differences between cell types, variability between replicates was minimized for proteins present at greater than five spectral counts, so this served as the limit of detection to qualify a protein for comparisons between samples. Because the most abundant protein in the samples was present at ϳ250 spectral counts, comparison of proteins with a 50-fold difference was possible. However, others have reported a dynamic range capabilities for spectral counting at 2 orders of magnitude (51), so although our samples did not span the full extent of this range, it is possible that other cell types that produced higher protein dynamic ranges could still be successfully screened. It is important to note that this screening platform is easily adaptable to other quantitation methods (e.g. stable isotope labeling by amino acids in cell culture (52) , ICAT (53) , and isobaric tags for relative and absolute quantitation (54)) and subsequent post-translational modification enrichment methods, allowing for great experimental flexibility. Although detection of post-translational modifications was not the goal of this study, we do not expect the treatment of cells with 20 mM NH 4 OH, pH 10.5, for 5-10 min to result in the loss of phosphoric acid or significant deamidation, which requires much harsher conditions for chemical modification (55) .
It is equally important to note that not all cell lines may be amenable to this enrichment strategy as it relies on cell types that secrete high levels of basement membrane-type proteins for adhesion to a surface. Furthermore, not all matrix proteins are expected to be readily and equally detected by both mass spectrometry and Western blot. High quality antibodies are not always available, but in those we tested, the differences in signals we observed matched the spectral count trending very well. Extracellular matrix proteins are often heavily post-translationally modified or covalently crosslinked (collagen IV, for instance, contains a putative methionine to hydroxylysine covalent linkage (56, 57) ) in a way that may mask tryptic sites or create peptide linkages not detected by the protein identification algorithm used. To maximize experimental efficiency during proteomic profiling, enzymatic deglycosylation of O-and N-linked sugars and reduction/ alkylation of disulfide bonds were not performed. However, future experiments could be designed to include steps to maximize coverage of specific proteins of interest with only a modest increase in sample preparation time. Despite these potential issues, high protein coverages of many secreted, transmembrane, and peripheral membrane proteins were observed.
After validating the method with mouse keratinocytes, we profiled the differences in basal cell components of two human squamous carcinoma cell lines of different origin. The two cell lines, CAL33 and UM-SCC-1, showed striking differences in basal cell proteins related to adhesion, cell-matrix interactions, motility, and angiogenesis, all of which play a significant role in determination of the metastatic potential of tumor. It is tempting to speculate that genetic manipulation of some of these regulated proteins might change the metastatic potential of these two cell lines. These results highlight the practicality of applying of proteomic profiling in quickly determining the molecular background of observed phenotypic differences between cancer cell populations.
Taken collectively, our results clearly demonstrate that this method is applicable to global profiling of proteins located at the cell substrate interface, including ECM and adhesionrelated molecules in both mouse and human model systems. We report a fast, simple strategy that achieves the goals of specific isolation, successful identification, and reproducible differential detection of proteins involved in cell-cell and cellsurface adhesion. Our method would allow one to study the biology of many adherent tissue types with the ultimate goal to use the data acquired in this manner to develop global screens for biomarkers for cancer, wound healing, and chronic and acquired adhesion-related disorders.
